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);|_;mv;|-mb=oulrubouompr.
ou;-1_vr;1b;v7-|-v;|ķ=ou1_-bmv;u;umb|_|_;
0umŊbmr;ubo77;|;ulbm;70bm1u;-vbm]|_;ml0;uo=b|;u-|bomvķnķ
m|bѴ|_;!_-|v|-|bv|b1-v;t-Ѵ|oom;Ő;Ѵl-mş"_buѴ;ķƑƏƐƐő=ou
-ѴѴr-u-l;|;uv_;mvbm]|_;Ѵ-v|nņƑv-lrѴ;vĺ$_bv]-;0umŊbmr;Ŋ
ubo7vu-m]bm]=uolƔķƏƏƏ|oƐƏƏķƏƏƏb|;u-|bomvķ_b1_-u;v_om=ou
;-1_vr;1b;vbm$-0Ѵ;Ɛĺ
=|;u=b||bm]|_;lo7;Ѵķ;1-Ѵ1Ѵ-|;7""-m7|_;7bv1-u7vvbm]
;t-|bomv bm $-0Ѵ;ƒĺ ou vblrѴb1b|ķ 0;1-v; vol; o= |_; l-|ub|
v-lrѴ;v ;u; vr-uv; l-hbm] ;v|bl-|bom o= - 1om;m|bom-Ѵ Ѵ;m]|_Ŋ
7;r;m7;m|lo7;Ѵ7b==b1Ѵ|ķ;-vvl;7mlƷƏ=ouѴ;m]|_v0;Ѵo_b1_
l-|ub|-vѴ;vv|_-mƕƔѷ-m7mlƷƐ=ou|_ov;-0o;ĺ$_;ƕƔѷl-Ŋ
|ub|Ѵ;m]|_v-u;]b;mbm$-0Ѵ;Ɛĺ
ƑĺƓՊ|Պo7;Ѵ-Ѵb7-|bom
$ov_o|_-| |_;lo7;Ѵ-7;t-|;Ѵ;v|bl-|;vv|o1h|u;m7vķ;
1omvb7;u;7|_u;;-vr;1|vo=lo7;Ѵr;u=oul-m1;ĺ$_;v;;u;Őbő
r̄= log (prū)− log (q)
$ ƑՊ"ll-u-m77;=bmb|bomo=lo7;Ѵ;t-|bomv
Population model
2.1 uof;1|bom;t-|bom=ourorѴ-|bomķNķ_;u;F and M-u;=bv_bm]-m7m-|u-Ѵ
lou|-Ѵb|u-|;vķRbvu;1ub|l;m|-m7tbv-v0v1ubr|=ou;-u
2.2 bv_bm]lou|-Ѵb|=oѴѴov-u-m7ol-Ѵhķb|_ruo1;vv;uuouv|-m7-u77;b-|bomķσf
Ƒĺƒ !;1ub|l;m|bvѴo]Ŋmoul-ѴѴ7bv|ub0|;7b|_l;-mr̄ -m7ruo1;vv;uuouv|-m7-u7
7;b-|bomķσr
Observation equations
ƑĺƓ -m7;70bol-vvķLķbv]b;m0|_;-u-mo;t-|bom_;u;w̄bv|_;l;-m;b]_|o=
-mbm7bb7-Ѵ=bv_ķZ = F + M and pbv|_;ruorou|bomo==bv_7bv1-u7;7
ƑĺƔ $_;vu;bm7;ķuķbvruorou|bom-Ѵ|o|_;rorѴ-|bomķNķb|_-1omv|-m|1-|1_-0bѴŊ
b|ķq
Observation errors
2.6 $_;o0v;u;7vu;bm7;ķûtķ_-v-Ѵo]moul-Ѵ;uuou7bv|ub0|bomb|_v|-m7-u7
7;b-|bomσu
2.7 $_;o0v;u;7Ѵ-m7bm]vķ̂Ltķ_-;-Ѵo]moul-Ѵ;uuou7bv|ub0|bomb|_v|-m7-u7
7;b-|bomσL
Constants used in the model calculated directly from the survey data
2.8 $_;l;-m;b]_|ķwtķbv1-Ѵ1Ѵ-|;70vllbm]o;u|_;0bol-vv-|Ѵ;m]|_ķlķbm|_;
vu;-m77bb7bm]0|_;|o|-Ѵml0;uo==bv_
2.9 uorou|bomo=1-|1_7bv1-u7;7bv-=m1|bomo=|_;ruorou|bom7bv1-u7;70vb;ķπtķ-m7|_;ruorou|bom7bv1-u7;700Ѵhķρt
2.10 uorou|bomo=1-|1_0bol-vv7bv1-u7;70vb;ķπtķbm;-utbv7;ub;7=uol|_;ruorou|bomo==bv_7bv1-u7;7-|Ѵ;m]|_ķπl
Nt+1=Nt exp
(
−Ft−Mt
)
+Rt+1
Ft ∼Lognormal
(
log
(
Ft−1
)
,σf
)
Rt∼Lognormal (r̄, σr)
Lt = (1−pt)FtNtwt(1−exp (−Zt))∕Zt
ut=qNt
ût∼Lognormal
(
log
(
ut
)
,σu
)
̂Lt ∼Lognormal
(
log
(
Lt
)
,σL
)
wt =
∑
l
ul.twl
ut
pt =πt+ρt−ρtπt
πt =
∑
l
ul.twlπl
ul.twl
$ ƒՊt-|bomvv;7|o1-Ѵ1Ѵ-|;|_;7;ub;7t-m|b|b;vķ
vr-mbm]v|o1h0bol-vvŐ""ő-m77bv1-u7v-=|;u=b||bm]|_;lo7;Ѵ
ƒĺƐ ""ķbv-=m1|bomo=ruorou|boml-|u;
0bol-vvķltķvbm]=b||;7;v|bl-|;vo=vu;-0m7-m1;-m71-|1_-0bѴb|
ƒĺƑ uorou|bomo=l-|u;0bol-vvķltķbm;-ut bv7;ub;7=uol|_;ruorou|bomo==bv_
l-|u;-|Ѵ;m]|_ķllķ1-Ѵ1Ѵ-|;7=uol|_;vu;7-|-
ƒĺƒ 	bv1-u7vķ	tķ-u;1-Ѵ1Ѵ-|;7=uol|_;=b||;7Ѵ-m7bm]v-m7ruorou|bom7bv1-u7;7
SSBt =mtutwt∕q
mt =
∑
l
ul.twlml
ul.twl
Dt =ptLt∕
(
1−pt
)
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u;vѴ|=ou;-1_vr;1b;vrѴo||;7bmr_-v;vr-1;ĺ$_;7-v_;7Ѵbm;v
1ouu;vrom7|o;uo0b-vbm;-1_t-m|b|ĺ&m0b-v;7-vv;vvl;m|v
v_oѴ7Ѵb;1Ѵov;|_;bm|;uv;1|bomo=|_;Ѵbm;v
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u;|uovr;1|b;-m-ѴvbvŐo_mķƐƖƖƖő|o-vv;vvlo7;Ѵ1omvbv|;m1
Őbbő |_-| |_; |u;m7v bm u;1ub|l;m|ķ "" -m7 F ;u; 1omvbv|;m|
b|_|_ov;v|o1hv-vv;vv;70"b|_-=ѴѴ-];Ŋ0-v;7-m-ѴŊ
vbv-m7Őbbbő|_-||_;;v|bl-|;77bv1-u7v;u;1omvbv|;m| bmv1-Ѵ;
-m7 |u;m7 b|_ |_ov; vr;1b;v =ou _b1_ u;-Ѵ o0v;u-|bomv -u;
available.
ƑĺƓĺƐՊ|Պ!;|uovr;1|b;-m-Ѵvbv
"|o1h-vv;vvl;m|lo7;Ѵv =u;t;m|Ѵv_ou;|uovr;1|b;0b-v_;u;
|_;-77b|bomo=om;lou;;-uvĽ7-|-u;vѴ|vbm-vv|;l-|b1r-u7ou
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v11;vvb;Ѵ7uorrbm]o==|_;;m7Ŋ;-u7-|-robm|ĺ$_;;m7Ŋ;-u;v|bŊ
l-|;vo=F-m7""-u;|_;m1olr-u;7|o|_;-Ѵ;vo0|-bm;7=uol
|_;=ѴѴ7-|-v;|ĺ);u-m-u;|uovr;1|b;-m-Ѵvbvo;uƐƏ;-uv=ou-ѴѴ
vr;1b;v-m71-Ѵ1Ѵ-|;7o_mĽvu_oŐo_mķƐƖƖƖő_b1_l;-vu;v|_;
l;-m0b-vu;Ѵ-|b;|o|_;=ѴѴ7-|--vv;vvl;m|ĺ
ƑĺƓĺƑՊ|Պolr-ubvomb|_=ѴѴ-vv;vv;7vr;1b;v
"r;u=oulv =ѴѴ -vv;vvl;m|v om 1o7ķ _-77o1hķ_b|bm]ķ rѴ-b1;ķ
voѴ;-m7|u0o|_b1_ruob7;;v|bl-|;vo= u;1ub|l;m|ķ""-m7
mean Fĺ m-77b|bomķ-vurѴvruo71|bomlo7;Ѵ bvv;7|o-vv;vv
l;]ubl-m7ruob7;v-m bm7;0bol-vv-m7 =bv_bm]lou|-Ѵb|ĺ);
1olr-u;7 |u;m7v bm |_;v; t-m|b|b;v vbm] |_; -vv;vvl;m|v u;Ŋ
rou|;7bm"ŐƑƏƐƔ0ķƑƏƐƔ1őĺ);-Ѵvo1olr-u;7|_;"	lo7;Ѵ
;v|bl-|;v|o|_ov;=uolb;|;|-ѴĺŐƑƏƏƖő01om;u|bm]|_;bur;uŊ
1;m|-]; b;Ѵ7Ŋ0bol-vv u-|bov Ő+!ő |o F 0 voѴbm] |_; -u-mo
;t-|bomĹ
Ѵ|_o]_bmrubm1brѴ;|_;lo7;Ѵ7;v1ub0;7bm|_bvv|7]b;v;vŊ
|bl-|;v |_-|-u;1olr-u-0Ѵ; |o |_ov;o= "ķ |_;u;-u; Ѵbh;Ѵ |o0;
7b==;u;m1;v bmv1-Ѵ;ĺ$_bv bvr-u|Ѵ0;1-v;o=7b==;u;m1;v bm-vvlrŊ
|bomv-0o|m-|u-Ѵlou|-Ѵb|-m7-Ѵvo0;1-v; bm |_;1-v;o=Fķ |_;
l;-vu;v;70"bv-vblrѴ;l;-m1-Ѵ1Ѵ-|;7o;u|_;-];vo==ѴѴ
v;Ѵ;1|bomķ_;u;-v|_;F1-Ѵ1Ѵ-|;7bm|_;"	lo7;Ѵbv;==;1|b;Ѵ-m
-0m7-m1;Ŋ;b]_|;7-;u-];o;u-ѴѴ-];vĺ|bvѴbh;Ѵ|o0;Ѵo;u|_-m
|_;"Fb=om];u=bv__-;Ѵo;uv;Ѵ;1|bb|bm|_;=bv_;uĺv-m
-77b|bom-Ѵl;|ub1ķ;|_;u;=ou;1-Ѵ1Ѵ-|;7|_;1ouu;Ѵ-|bom1o;==b1b;m|
0;|;;m |_; "-Ѵ;v -m7 |_;lo7;Ѵ ;v|bl-|;v -v -l;-vu;o=
vblbѴ-ub|o=|u;m7vĺ
ƑĺƓĺƒՊ|Պ	bv1-u7v
ou1o7ķ_-77o1hķ_b|bm]-m7rѴ-b1;1olru;_;mvb;;v|bl-|;vo=
7bv1-u7v -u; ruob7;7 0 " ŐƑƏƐƔ0ő 1o;ubm] |_; _oѴ; r;Ŋ
ubo7o=|_bv-m-ѴvbvĺouvoѴ;ķ-=;;v|bl-|;v;bv|0|lov|;vŊ
|bl-|;v -u; 7;ub;7 =uol |_; -vv;vvl;m| lo7;Ѵ Ő-u|v ş oovķ
ƑƏƏƖőĺ m -77b|bomķ |_;u; -u; ;v|bl-|;v =ou Ɛŋƒ u;1;m| ;-uv =ou
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